INTRODUCTION • 1
In Nebraska and South Dakota there are widespread deposits of · gravel and other· material, largely surficial and generally unindurated, known as the White River, Arikaree, Ogalalla, and other formations, 2 which range in age from Oligocene to Pleistocene. West of these deposits, on the flanks of the Rocky Mountains, are several high piateaus covered with gravel, whose age, though not known, is generally regarded as Pleistocene. At some places the position of this gravel indicates its continuity with the Tertiary formations farther east, but their equivalency has not been proved. It is the purpose of this paper to outline the e' vidence obtained by. the writers in 1915 and 1916 regarding the age of the gravel found on two high terraces in the northern part of the Great Plains ·and t. o show its relation to a still higher gravel, known to be of White River age, discovered by Canadian geologists some years ago. Messrs. R. F. Baker, E. T.
Conant, and H. R. Bennett were enthusiastic coworkers in collecting this evidence, and to them much of the credit is due.
The area described, as shown in Plate LXII, extends along the south side of the international boundary from Redstone, about 30 miles west of the Montana-North Dakota line, w~stward to the west side of Boundary Plateau/ a distance of 175 miles. It continues northwestward from the plateau far enough to take in the whole of the Cypress Hills, where Canadian geologists have discovered deposits of ·White River (Oligocene) age. 1 An abstract of this paper has been published by the Washington Academy of Science.
2 Osborn, H. F., Cenozoic mamJl!,al horizons of western North America: U. S. Geol. Survey Bull. 361, p. 65, fig. 10, 1909. s The name Boundary Plateau was used by McConnell to designate the northern extension of what is called Cherry Ridge on the American side. It is retained in this paper for convenience. 103977°-18 FLAXVILLE GRAVEL.
The Flaxville gravel, named from the town of Flaxville, on the Scobey branch of the Great Northern Railway, was deposited in Miocene or early · Pliocene time. The history of · its discovery is as follows:
During the field seasons of 1915 and 1916, in the course of an investigation of the lignite resources . of northeastern Montana, the writers found some "extensive plateaus that are so deeply buried beneath a cap of gravel and kindred materials as to make the location of lignite outcrops impossible. This gravel has been described by several writers under the names ''glacial overwash, '' ''quartzite gravel,'' etc. Bauer 4 had recognized the possible significance of this terrane and had provisionally referred it to 'the Oligocene of the Cypress Hills.
5
On the third day in the field the senior writer inquired of Atle Taerum, the proprietor of the store at Avondale, whether in digging his well he had seen any signs of lignite. .Being answered in the negative, the writer made a personal examination of the well and found on the dump some fragments of bone said to have been found in sand at a depth of 30 or 40 feet. From this beginning as close an inspection as the circumstances would permit was made of wells and other natural and artificial exposures of the gravel by members of the Geological Survey party. In many places fragments of fossil bones had been found but not preserved, as their significance was not appreciated. 
Mr. Gidley further remarks:
None of the material is sufficiently good or complete to make positive specific determinations, and it is therefore of no value as indicating horizon, except in a broad way. With the exception of the specimen reported as Pleistocene all the material appears to belong to the upper Mipcene. It can be stated positively, I think , that with the exception noted, the beds from which these fragments were collected can not be older than Miocene or younger than lower Pliocene.
The formation from which these fossils were collected caps a series of even-topped plateaus ranging in altitude from about 2,600 feet at its east end, a few miles south of Redstone, to . 3,200 feet in the west _ front of the Boundary Plateau in the Cherry Creek quadrangle. It is from a few feet to 100 feet thick and rests upon the eroded surfaces of the Fort Union, Lance, and Bearpaw formations. A characteristic view of the plateau surface is given in Plate LXIII, A. In the opinion of the writers this plateau represents an erosional level developed during a period . subsequent to the Oligocene as represented in the Cypress Hills, and the fossil-bearing formation must have been deposited in Miocene or early Pliocene time. It seems hardly possible that these fossils could have been eroded and redeposited over so wide an area in -the Pleistocene epoch, especially as no source from which they could have come has been recognized. Moreover, there seems to be no intermingling of Pleistocene fossils with the ·Miocene.
The distribution of the Flaxville gravel is shown on the accompanying map (Pl. LXII). It is generally composed of yellowish to ashgray gravel, clay, and sand, but in some places it contains beds of white marl and volcanic ash. The gravel consists of well-rounded pebbles from less than an inch to a foot or more in diameter, of quartzite and argillite derived from the Rocky Mountains. Limestone pebbles from the same source may have been dissolved and the lime redeposited as cementing material and beds of marl. The materials composing the Flaxville gravel are mostly noncoherent and are excavated easily by well diggers, though beds of hard sandstone and conglomerate cemented with calcite from 1 foot to several feet thick are encountered in most of the wells. In places the formation is very thoroughly cemented with calcite and forms prominently outcropping ledges of sandstone and conglomerate, as shown in Plate LXIII, B and C. Many such outcrops present a great deal of cross-bedding and ' are not continuous over · large areas.
In ~he railway cuts west of Flaxville (see Pl. LXV, A), where the best collection of fossils was made, about half the material exposed is gravel _and the remainder clay and sand; about 1 foot of marl or concretionary calcite is also present. The bedding is very irregular, as might be expected of deposits on the flood plain of a river. North of Flaxville the road to Whitetail crosses a considerable thickness of gravel. Ten miles southeast of Flaxville, in · the escarpment at the edge of a plateau, the focmation consists of about 35 feet of cemented sand and gravel overlain by uncemented sand. Northeast of Scobey about 55 feet of more or less cemented sand and gravel is overlain by· 25 feet of uncemented gravel and soil. Plate LXIV, A, shows a bed of gravel interstratified with sand. The following section of a well southwest of Scobey was given by Martm Presnell, the owner: The marl (an impure soft white limestone) was either deposited by water flowing over the surface into a shaJlow pond or gathered from_ the underlying beds and brought to its present position by percolating waters. Similar occurrences are indicated by fragments of marl in the soil of the townships to the west and nor.th. This is the only locality where pure volcanic ash has been recognized, though similar material mixed with sand has been noted about 12 miles to the northeast. The gravel is very coarse, and well-rounded pebbles at least a foot in diameter, which must have been derived from it, were noted on the surface a short distance away in Daw$on Coulee.
On Boundary Plateau in the vicinity of Cherry Ridge 74 feet of sandy gravel overlies 8feet of cemented sandstone in a well in sec. 10, T. 36 N., R. 23 E., south of which two other wells of somewhat less depth have yielded fragments of fossil bone. The eastern . edge of the formation is exposed in Tps. 35 Below the Flaxville level there are extensive areas varying in altit1lde from 2,500 to 2,800 feet on which the bedrock is exposed or can be found in wells at no :very great depth. The relative altitudes of this bedrock surface are indicated on _ the maps prepared but not yet published by (he International ·Boundary Commission. In the~ vicinity of Redstone it is a well-marked plateau or bench ranging in altitude from 2,400 to 2,500 feet. · This feature extends westward near the international boundary to Scobey (altitude 2,450 feet), at the forks of Poplar River.
Between Opheim and the Boundary Plateau the same period of erosion is represented by a gn~at expanse of highly dissected country incl~ding level-topped areas, sloping grasscovered hills, and badlands on which the Bearpaw shale is exposed, ranging in altitude from 2,500 feet nea~ Milk River to 3,000 feet at the international boundary near the crossing of Frenchman Creek. Small bodies of ~tratified gravel and silt have been noted in sec. 3, T. 36 N., R. 52 E;· , east of Daleview; in several wells in the neighborho' od of Julian; west of Opheim, in sec. 13, T : 37 N., R. 39 E., and west of Baylor,. in sec. 25~ T. 35 N., R. 38 E. The best exposures seen are in sec. 23, T. 33 N., R. 30 E., north of Malta, a few miles from Milk River, where about 25 feet of interstratified gravel and yellowish silt caps the edge of the bench at an altitude of about 2,500 feet above the sea, . or 300 feet above· Milk River. The gravel is cemented, presumably with calcite, forming a conglomerate that crops out in the form of a small cliff. Fragments of bone and a single toothwere obtained from the face of the cliff. Dr. Gidley identified the tooth as that of a horse ·resembling the living species and states that it can not be so old as the Flaxville fauna. The formation here _ rests upon the Judith River formation, but about 5 miles east of this locality it rests upon the Claggett shale and consists of .about 25 feet of yellowish silt containing two beds of gravel, one at its hase and · another 15 feet higher. The g~avel is comparatively fine, the pebbles being less than an inch in diameter. In the light of the evidence now at hand this formation i~ regarded as of late Pliocene or early Pleistocene age. The erosion of the very extensive areas below the Flaxville level must have been accomplished during middle Pli?cene time.
LATE PLEISTOCENE AND RECENT EROSION AND . DEPOSITION.
The streams of the · region have eroded' their valleys from 100 to 500 feet below · the level assigned to the late Pliocene or early Pleistocene. Milk River now occupies a valley 1 to 5 miles wide eroded by Missouri River before the last great invasion of ice in the glacial , 2d ser., vol. 11, sec. 4, pp. 37-42, 1906 ; Fossil horses of the Oligocene of the Cypress Hills; Idem, pp. 43-52; Vertebrata of the Oligocene of the Cypress Hills; Saskatchewan: Canada Geol. Survey Contr. Paleontology, vol. 3, pt. 4, 1908. 6McConnell, R. G., op. cit., p . 34c. identifiable bone fragments were found in it. As its altitude is about: 2,900 feet, or 200 feet below that of the nearest exposure of Flaxville gravel, it is suggested by the writers that a more thorough' search might result in the discovery of the Flaxville fauna. The Oligocene beds exposed near Bone Coulee, Cypress Hills, are described by McConnell 6 as follows:
The Miocene [Oligocene] beds are characterized by the great quantity of waterwom pebbles, derived from the quartzite for~ations of the Rpcky Mountains, which are found in every part of the series. The pebbles are usually cemented together 1nto massive beds of hard conglomerate but also occur distributed irregularly through or ananged in layers and lenticular beds in the sands and sandstones. The more massive conglomerate beds are found toward the western part of the area or around its outskirts. * * * [The beds] are all very irregular and seldom remain constant in composition for · any distance along their strike.
SUMMARY.
The gravel that caps the Cypress Hills in . Canada is of Oligocene (White River) age. -It is made up of materials from the Rocky Mountains, to the west, . and rests upon a series of plateaus cut on the Fort Union, Lance, and Bearpaw formations and ranging from 4,800 feet in altitude at its west end to 3, 700 feet ne~r its east end.
The Flaxville gravel in Montana is from a few feet to 100 feet thick and is composed of well-rounded quartzite and argillite pebbles from the Rocky Mountains, sand, clay, marl, and volcanic ash. It rests upon a series of plateaus cut on the Fort Union, Lance, and Bearpaw formations, and ranging in altitude from 2,600 feet at the east to 3,200 feet at the west. Fragmentary fossils collected at 25 well-distributed localities were not good enough for specific determination, but it can be stated positively that the formation can not be older than Miocene nor younger than early Pliocene.
Below the Flaxville level there are extensive areas, eroded since its deposition, on which the covering is thin or absent. Stratified gravels and silts have been noted at several localities. A single fossil tooth collected from one of these exposures of gravel was identified as that of a horse resembling the living species. It certainly is not so old as the fauna of the Flaxville gravel. The formation is known to be older than the advance of the Wisconsin glacier.
It must therefore be of late Pliocene or early Pleistocene age.
Present drainage has eroded valleys from 100 to 500 feet below the late Pliocene bench. ¥ost of . this cutting was accomplished before the advance of the Wisconsin glacier, whose drift deposits lie alike on uplands and bench lands and. in the valleys.
The relative altitudes of these four erosion levels and the gravel assigned to them are 3 • 700 ....--0=1.,...i g-oc-en-e-----. shown diagrammatically in figure 27 . The Oligocene of the Cypress Hills is the highest, the Miocene or early Pliocene Flaxville gravel bench represents a second stage of erosion and deposition, the late Pliocene or early Pleistocene bench a third stage, .and the late Pleistocene and Recent level a fourth stage' .· The correlation of these erosio:J;l levels with the Blackfoot peneplain and the second and third lower benches in the Glacier National Park region, described by Alden and Stebinger, 1
